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ABSTRACT
Current healthcare policies limit the time during which intensive
rehabilitation is available for stroke and brain injury survivors (AAPM&R,
2009). Yet the timeline for recovery from such insults extends well beyond
the typical window of rehabilitation provision, which makes independently
administered cognitive stimulation an essential component of the recovery
process. Unfortunately, little data exist as to the efficacy of such programs.
Therefore, the purpose of this study was to determine whether a
computerized, general cognitive stimulation program (Le., Nintendo OS'
"Brain Age 2"), would successfully remediate specific cognitive skills in
stroke or brain injury survivors compared to healthy controls. The benefits
of this game include, (1) readily available for public use, (2) doesn't
require training, (3) self- motivating which is important for successfully
completing the program (Cherney et aI., 2008), and (4) automatically
tracks the performance and reaction time.
Participants in this study included stroke and brain injury survivors with
mild cognitive-linguistic deficits and age- and education-matched healthy
controls. All subjects were assessed for memory, attention, reaction time,
executive function, and subjective perception of cognition; then played the
"Brain-Age" game for 6 weeks, 30-60 min/day. Participants then repeated
baseline testing; data analysis included comparing pre- and post-
treatment test scores.
Can an "Educational Videogame" Improve the Cognition of
Stroke/Brain Injury Survivors?
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Learning Objectives
a. Discuss why an independently administered rehabilitation regimen is needed in the
chronic phase post-stroke or brain injury.
b. Describe the benefits and drawbacks of computerized cognitive stimulation in healthy
controls and stroke/brain injury survivors.
c. Describe the objective evidence for improvement (of lack thereof) of specific cognitive
skills in healthy controls and stroke/brain injury survivors.
Background/Purpose
The leading cause of long term disability in the United States is currently a stroke (American
Heart Association, 2009). A stroke is any disruption in blood flow to the brain and is sometimes
referred to as a cerebrovascular accident or CVA (Murray, & Clark, 2006). CVA's can cause
damage to the right and left hemispheres of the brain causing cognitive-communication
disorders as well as physical motor issues. A Gallup survey was conducted by the NSA (National
Stroke Association) in 1996 and showed that 40% of adults were unaware that a stroke occurs
in the brain and also did not know what the symptoms of a stroke were (Murray, & Clark,
2006). This shows that not many people are aware ofthe dangers of a stroke which worsens
the chances of getting immediate treatment. Risk factors of a stroke include hypertension (high
blood pressure), heart disease, diabetes, smoking, obesity, substance abuse and high
cholesterol. Signs of a stroke include dizziness, confusion, severe headache, one-sided
numbness or weakness and slurred speech (Murray, & Clark, 2006).
When a person has a stroke, the first thing that needs to happen is the recognition of
symptoms and request help from a medical professional for acute care. For the next few weeks
the stroke survivor will go through what is called spontaneous recovery. This is when the stroke
survivor naturally regains cognitive, sensory and motor skills (AAPM&R, 2009). How severe the
stroke will depend on how much the stroke survivor will spontaneously recover. After the
stroke survivor is medically stable but still in acute care, the initiation of rehabilitative
treatment can begin (USAgency for HealthCare Research and Quality, 1995). It is important to
wait to begin research until at least 6 months post onset because it would be difficult to
attribute it to the treatment or spontaneous recovery (Department of Citizen Services, 2010).
Because rehabilitative therapy is quite expensive, most stroke survivors rely on insurance to
pay for it. But, most current healthcare policies limit the time during which intensive
rehabilitation is available for stroke and brain injury survivors to as little as 2-3 weeks as an
inpatient therapy and 1-2 months of outpatient therapy (AAPM&R, 2009). This is a problem
because the timeline for recovery from such insults extends well beyond this typical window of
rehabilitation provision. It is proven that it is possible for stroke and brain injury survivors to
progress even years after the occurrence ofthe stroke (Bhogal, 2003). Progress can be made
because of the neuroplasticity of the adult brain. Neuroplasticity is the increase of gray matter
in the brain created by changes in the function and organization of the brain. This means that
afferent signals are sent to an undamaged part of the brain that are not normally used for a
. specific task and reorganizes it so it can be used for a different task. Also, increased gray
matter in the hippocampus is very important since this is the part of the brain associated with
memory and learning which is changed during this process. The hippocampus also mediates
the production of neuronal or glial stem cells that go to the damaged part of the brain and help
with the repair process. Repetition is very important for this process because it takes time to
train and reinforce the brain to do something new (Gauthier et aI., 2008). As a result, repetitive
and independently administered cognitive stimulation becomes an essential component of the
recovery process of a stroke survivor possessing cognitive problems. Because of the growing
popularity of video games, it is of interest to explore usage of educational video game for an at
home therapy program. Unfortunately, little data exist as to the efficacy of such programs
which is why this study is of importance.
This study (part one) supplemented a larger study (part two) currently in progress by Dr. Jamie
Mayer. Part one of the study is to run the testing of healthy control subjects and analyze their
data. Healthy control subjects are an important supplement to Dr. Mayer's study because
Nintendo's claims of improved cognition have not to our knowledge been tested on healthy
individuals with no history of neurological problems. Such data are crucial prior to exploring
the validity of this game to improve cognition in stroke and brain injury survivors. Part two of
the study is meant to explore the possibilities of using an "educational" video game to see if it
can improve cognition in stroke/brain injury survivors. This topic is pertinent because "There is
a growing interest in whether computer and video games may increase IQ. But despite
suggestive advertisements, there is no empirical evidence that computer games enhance
anything beyond task-specific performance and selective visuospatial attention." (Jaeggi et.a\.
2008). It is of interest to use Nintendo's "Brain Age 2" game because of its many benefits. (1)
The game is readily available for public use. This means it is available for purchase at a local
department store. (2) The game doesn't require training. It is geared towards the general
public and anyone can learn how to utilize it. (3) Nintendo's "Brain Age 2" game is self-
motivating and socially acceptable which is important for successfully completing the program
(Cherney et al., 2008). Self motivation is important because it will keep the stroke survivor
interested in the game and they will have a higher chance of completing the therapy program.
Also, since it is socially acceptable, the stroke survivor will feel comfortable playing the game,
again, increasing the chance they will finish the therapy program. (4) Lastly, the game
automatically tracks the performance, reaction time and how often the stroke survivor plays
which is beneficial for collecting data. This way, there is no extra paper work to fill out since
the game already does it.
Hypothesis
Given the data to date, (e.g., Jaeggi et al., 2008) it is hypothesized that there will be minimal
change from pre- to post-testing in the healthy control participants due to ceiling effects. The
ceiling effect is where the participant reaches a certain point and can no longer improve. Also,
age may have potential to affect the results. It is possible, however, that individuals with a




Part one of my supplemental study included nine healthy (did not have a stroke or brain
injury) participants all over the age of 45 and all had at least a high school education.
Participants of part two conducted by Dr. Jamie Mayer included stroke and brain injury
survivors with mild cognitive-linguistic deficits and over the age of 45.
Procedures
The first step was to make sure that the participant would fit the criterion of the study
which is described above. Then all participants signed a consent form that explained
the conditions and procedures of the study (See Appendix 1). Next, they signed the loan
agreement for the Nintendo DSand the Brain Age 2 game, unless they already own
both, in order to borrow them to complete the study (See Appendix 1). The participants
also filled out a Subject Information form so we would know some general information
about them (See Appendix 1). Then, all participants took a pre-test to be assessed for (1)
memory defined as cognitive function responsible for storing, retaining, and retrieving
processed information, (Murray, & Clark, 2006), (2) attention defined as a state of
consciousness characterized by such concentration (Merriam-Webster's Medical
Dictionary), (3) reaction time which is defined as the time elapsing between the
beginning ofthe application of a stimulus and the beginning of an organism's reaction to
it (Merriam-Webster's Medical Dictionary), (4) executive function defined as capacities,
under primary control of the prefrontal cortex, that guide complex behavior over time
through planning, decision making, and response control, (Webb & Adler, 2008), and (5)
subjective perception of cognition or how the participant felt about the process using
three different tests and two questionnaires. After initial testing, the participants
played Nintendo's "Brain-Age 2" game for 6 weeks, 30-60 minutes a day. Participants
then repeated the same baseline testing at the conclusion of the study. These tests
served as pre- and post- tests used to assess the progress of the participant. The data
was analyzed at the end to compare the pre- and post- test scores.
Measures
The measures that were used in this study included the following tests:
(1) TONI-III (Test of nonverbal Intelligence Third Edition) which is a test
developed in 1982 to assess the aptitude of individuals that may not be
physically or cognitively able to respond to the test questions. This also included
participants that cannot read, hear, speak or have neurological impairment
such as head injury, stroke, aphasia, cerebral palsy, learning disability and
Alzheimer's disease. The directions ofthe test are pantomimed which forced the
participant to pick up what they needed to do without any verbal instruction.
The task the participant was to perform was to pick the next figure that would go
in the sequence. It is normed on a population aging from 6-90 and is not
timed. There is a form A and B of this test to prevent the participant
from learning the test. (Brown, Sherbenou, & Johnsen, 1997). (See Appendix 2
for Sample Test Items).
(2) RBMT-3 (Rivermead Behavioral Memory Test Third Edition) which is a test
that is used to predict (a) everyday memory problems in people with acquired,
non progressive brain injury; and (b) monitor change over time. Tasks that were
performed included things such as name recognition immediate and delayed,
remembering where an object was hidden at the beginning of the test and
recalling it at the end, reciting a story immediate and delayed, picture
recognition immediate and delayed, face recognition immediate and delayed,
remembering a route immediate and delayed, answering date and orientation
questions and a novel task immediate and delayed. All of these tasks are
something that people that have memory problems will have trouble with. ,
There is an alternate form of this test to combat the participant from learning
the test and it is normed on ages 5-96 (Wilson el at., 2008). (See Appendix 2 for
Score Sheet).
(3) D-KEFS (Delis-Kaplan Executive Function System) which is a test of executive
functions that assesses the participants' attention, language, and perception, in
order to see if they have a higher level of abstract thought. There were nine
components to this test but only four were used in this study due to the
complexity of the test and the limited abilities of some participants. The four
components that were used were (a) Trail Making which included visual
scanning, number sequencing, letter sequencing, number-letter switching and
motor speed; (b) Verbal Fluency which included letter fluency, category fluency
and category switching; (c) Design Fluency which included connecting filled dots,
connecting empty dots and switching while connecting dots; (d) Color-Word
Interference which included color naming, word reading, inhibition,
inhibition/switching. This test was normed on ages 8-89 and alternate forms are
provided for some components of the test. Also, these tasks were timed so the
participant had to perform them as fast as they could optimally without error
(Delis, Kaplan, & Kramer, 2001). (See Appendix 2 for Score Sheet).
After part one of the study was finished, it was concluded that the results of this study
may be more subjective, therefore a questionnaire should be used to collect subjective
data. As a result, a questionnaire was created specifically for this study in order to see if
the participate felt like there were changes even though the quantitative data doesn't
show it (See Appendix 3). Another questionnaire used was called the APT-II Attention
Questionnaire (Sohlberg et aI., 2001). In order to make the APT-II better fit our needs
for this study, two questions were added regarding memory and problem solving (See
Appendix 3).
Examples of the types of games that were featured in the "Brain Age 2/1 game are
below.
In this game, the participant was to hit the correct notes on the keyboard with the stylus
as they pass by on the screen accurately as fast as he/she could.
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In this game, the participant was to listen carefully to what words were produced by the
game and write them down. The catch was that two or more words were said at once.
They also had to do this task accurately as fast as he/she could.
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This game was to simulate working as a cashier. The total amount spent by the
customer was presented and the bill used to pay. The participant was to use the right
side of the screen and point tothe correct amount of change the customer should
receive with the stylist accurately as fast as he/she could.
(IGN Entertainment, 2011)
In this game, the participant was to unscramble the letters as they spun in a circle to




In this game, the participant was presented with a variety of number in different sizes










The goal of this game was for the participant to keep track of the runner as he
repeatedly passes and got behind other runners. At the end of the race the participant
had to correctly say what place the runner finished in.
Keep track of the
runner.
(IGN Entertainment, 2011)
In this game, the participant had to write on the right side of the screen with the stylus
what time it is while reading the clock upside down as accurately and as fast as he/she
could.
What time is it?
(lGN Entertainment, 2011)
The object of this game was to look at the number presented and write the














This game was similar to rock, paper scissors in the sense that the participant would use
the same rules. The participant was to correctly follow the directions on the top of the
screen and say word aloud that was picked up by a microphone that would satisfy the
statement and fast as he/she could.
(IGN Entertainment, 2011)
Results
For this study a Repeated Measures ANOVA was conducted to compare our variables for pre-
and post-tests with age as a covariate. This measure is used for comparing three or more
groups measuring the same characteristics under different conditions (Choudhury, 2009). It was
found that none of the scores across participants from pre to post session not change
significantly but age appeared to mediate performance on the TONI III with a P-value of .017 (p
is significant if :5.05). (Refer to figure 3) Subjective data appeared to match the quantitative
scores. This means that the initial inspection of questionnaire results were consistent with little
change following regular playing of the "Brain Age 2" game. (Refer to Figure 1 and 2 for
selected test results).
Discussion
Perhaps Brain Age 2 does not change anything in healthy adults without neurological problems,
but perhaps it can affect adults who have had a stroke/brain injury. Since there was no change
in the control group, it will be easier to attribute any change found in adults who have had a
stroke/brain injury because we can attribute the change to the treatment and not any other
factors. Furthermore, there were only 9 control subjects used and there needs to be more to
ensure adequate statistical power to detect changes in scores. It could also be that the "Brain
Age 2" game is simply not challenging enough for healthy controls subjects. Although some of
the mini games on "Brain Age 2" are replicated after real life scenarios, not all of them are
which makes the game hard to generalize to anything else other than the game itself. In a
study done by Gauthier et al. 2008, if was found that more improvements were made if the
rehabilitation therapy was modeled around real world function. Also, since all of the
participants grew up in a time where video games of this kind of advanced technology were not
common; maybe they are at a disadvantage. This is because they have no prior knowledge of
how to run the Nintendo DSand it may be hard to learn how and advance in the game at the
same time. Therefore, participants of the current generation may do better because they are
more likely to have prior knowledge to run the game system. This may be shown by the change
in pre- to post- testing of the TONI-III where age made a difference. Playing educational videos
game could be used to strengthen social ties between the older and younger generation. This
is because the two generations would have something in common to talk about bringing them
closer together, improving moral, and broadening the social circle (Goldstein et aI., 1997).
Since there is little change in the objective data, there may be change in the subjective data.
This is something that will be looked at in the future when the use of the APT-II questionnaire
and another questionnaire made specifically for this study will be implemented. These
questionnaires will target changes in attention, reaction time, problem solving, memory and
overall satisfaction with the study. It would also be interesting to see if other video games such
as "X-Box Live" would work as a rehabilitation method since the participant would be able
practice verbal communication using a headset. Since many stroke survivors live alone or have
transportation issues, this would help them practice their communication skills and at the same
time help with networking.
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"Brain-Age": Can an "educational" video game improve
cognition in stroke survivors?
I agree to participate in the research project named above, being conducted by
Jamie Mayer, Ph.D., a faculty member at Northern Illinois University. I have
been informed that the purpose of the study is to explore whether using an
educational video game regularly might improve my thinking skills. This project
may help healthcare professionals plan treatment programs for adults with brain
damage following a stroke.
I understand that if I agree to participate in this study, I will be asked to do the
following:
1) Complete three tests of thinking. These tests will involve remembering,
problem-solving, and following directions. The tests will take about 1 and
112 hours to complete.
2) Play the Nintendo DS "BrainAge2" video game at home every day for 30-
60 minutes, for a period of 6 weeks.
3) After 6 weeks of playing the video game, re-do portions of the thinking
tests that I completed in the beginning of the study.
I am aware that my participation is voluntary. This means that I can stop at any
time and there is no penalty or cost for doing that.
If I have any additional questions about this study, I may contact Jamie Mayer
at (815) 753-9166 and jmayerl@niu.edu. I understand that if I wish further
information about my rights as a research subject, I may contact the Office of
ResearchCompliance at Northern Illinois University at (815) 753-8524.
I understand that the intended benefits of this study include:
1) Receiving free of charge (for a period of 6 weeks), an educational video
game and gaming system that might help improve my ability to pay
attention and remember information
2) Helping researchers to plan cognitive treatment programs for other stroke
survivors.
I have been informed that the main potential risk of being in this study is that I
might get frustrated during the initial assessment or while playing the game.
This is just like in regular rehabilitation sessions or electronic games. The
researcher will do her best to make sure this happens as little as possible.
I understand that all information gathered during this experiment will be kept
confidential. The records of this research will be kept private in a locked office.
Only the researcher will have access to these records. Participants in this study
will not be identified in any reports.
I have read this form and received a copy of it. I understand that my consent to
participate in this project does not constitute a waiver of any legal rights, and
will not affect my medical care or other therapy.
Signature of Subject Date
School of Allied Health and Communicative Disorders -- DeKalb, Illinois 60115-2899 -- (815) 753-1484
Accreditedby the CouncilonAcademicAccreditationof the AmericanSpeech-language-HearingAssociation
Brain-Age 2: Can an 'educational' video game improve




I, (name), have received a Nintendo OS
system and Brain-Age2 game for participation in the study, "Brain-Age: Can an
'educational' video game improve cognition in stroke survivors?", conducted by Jamie
Mayer, Ph.D., in the School of Allied Health and Communicative Disorders at Northern
Illinois University.
I understand that I may use this device for a period of 6 weeks, after which I will return
the device and game to Jamie Mayer.
I will return the Nintendo OSand BrainAge2 game to Jamie Mayer on
____________ (date)
Signature: (subject)
Signature of Investigator: _
School of Allied Health and Communicative Disorders -- OeKalb, Illinois 60115-2899 -- (815) 753-1484
Accredited by the Council on Academic Accreditation of the American Speech-language-Hearing
Association
Northern Illinois University




Pho ne (with area code): Home Work _
Contact Person: Relatio nsh ip: _
Addre ss (if d iffere nt): _
Phone (if different): _
Birthdate: Age : Sex: Race: _
Handedness (Before stroke or disease onset): Right Left Ambidextrous _
Primary language spoken now: First language learned: _
Languages spoken other tha n English: _
Highest grade completed: __ -'-- Degree( s): _
Primary Occupation (if retired, please list former occupation): _
Spouse's occupation (if retired, please list former occupation): _
Do you wear glasses? Can you see well enough to read? _
Do you have any other visual problems, such as right or left visual field cut? _
Do you have a hea ring loss? _
Do you wea r a hea ring aid in you r R or L ea r? _
How would you describe your general health? _
Current medications and dosages (if known): _
Do you have a history of any of the following?
Onset Date and Current Status
Stroke Yes No
Aphasia Yes No
Other Communication Yes No
Disorder
Right or Left-sided Weakness Yes No
Dementia (e.g., Alzheimer's Yes No
Disease)
Memory Impairment Yes No
~---- - - - - -- ---- -- - --.
Other Neurological Disease Yes No
Head Injury Yes No
Seizure Disorder Yes No
Clinical Depression Yes No
Psychiatric Problems Yes No
Alcohol or Substance Yes No
Problems/ Abuse
,
Other Major Illness Yes No
Would you like to be contacted to participate in other research projects conducted by our lab in the future?
This form was completed by: Date: _
Appendix 2
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Subtest Raw Score Scaled Score (55)
First and SecondNames - Delayed Recall (N)
Belongings - Delayed Recall (B)
Appointments - Delayed Recall (A)
Picture Recognition ~ Delayed Recognition (PR)
Story - Immediate Recall (51)
Story - Delayed Recall (SD)
FaceRecognition - Delayed Recognition (FR)
Index Score





Route -:-Immediate Recall (Rl)
Route - Delayed Recall (RD)
Messages-Immediate Recall (MI)
Messages- Delayed Recall (MD)
Orientation and Date (0)
Novel Task-Immediate Recall (N!)
Novel Task.....Delayed Recall (ND)
Sum of Scaled Scores
Subtest Scaled Score Profile

























1. First and Second Names - Presentation
Action: Present two photographic portraits and the first and second names of the people portrayed as described in the test materials.
2. Belongings - Presentation
Action: Hide two belongings as described in the test materials. Write the belongings and hiding places below.
Belonging 1: -- Location 1: _
Belonging 2: Location 2: _
3. Appointments - Presentation
Action: Demonstrate and set the alarm for 25 minutes as described in the test materials, and state questions to be asked.
4. Picture Recognition - Presentation
Action: Present the pictures as described in the test materials.
5. Story - Immediate Recall
Action: Read the story as described in the test materials and then ask the examinee to recall it.
Record: Tick each of the 21 'ideas' correctly or partially recalled.
After 20 years,





Black after his boat capsized.
have been reunited. Two fishermen
discovered the wreckThey had both
been adopted at birth and notified the coast guard.
by different families. A patrol boat
found him shortly afterJenny discovered
and brought himthat she had a twin
when she requested to the local hospital
a copy of her birth certificate. where he was met
She then began by his wife
and two children.to search for her,
Doctors report that he spenta task that took
four hours in the cold watertwo years.
and is being treatedThe sisters said
'it was like looking for exposure.
into a mirror He is expected
when we met'. to make a full recovery.
Tick box if participant required prompt
Raw score
Total for 'ideas' recalled word perfect or using a close synonym
Total for 'ideas' partially recalled or recalled with an approximate synonym
- Deduct one point if participant required prompt*
Total raw score (max = 21)
Rivermead Behavioural Memory Test - Third Edition (RBMT- 3)
6. Picture Recognition - Delayed Recognition
Action: Present pictures as described in the test materials.
Record: Tick the correct identifications and the number of false positives.


















Record number of false positives here
Raw score
Total number of pictures correctly identified
- Minus the number of false positives
Total raw score (max = 15)
7. Face Recognition - Presentation
Action: Present faces as described in the test materials.
8. Route &
9. Messages - Immediate Recall
Action: Demonstrate the route, leaving message envelope and book at appropriate locations, as described in the test materials.
(Adapt the instructions to suit the room if appropriate, and note your route in the column headed 'Your own version' below.)
Record: Tick the boxes as appropriate to record the route taken by the examinee. Also tick the message/book boxes as appropriate.
=:".PickedUP . ====== ...Book picked up




Message left at correct location Message left at correct location D D
Chair 2 Door
Table Chair 2




If the route is completed correctly = 13
If the route is not completed correctly calculate the raw score:
Score 1 for each correct location visited regardless of order (max = 6)
Score 1 if the starting place was correct and score 1 if the finishing point was correct (max = 2)
Consider each location in turn together with the location following it, and score 1 if that
particular pair order appears somewhere in the correct route list (max = 5)
Note: the last location in the sequence is not counted since there is no location following it.
Note also: If the same correct pair order occurs twice (or more) it should only be counted once.
Deduct 1 point for every incorrect or repeated stage (i.e. a totally different location. or the same
- location visited more than once)
Total raw score (max = 13)
Scoring for Messages
Raw score
Message picked up spontaneously = 2lwith prompt = 1
Book picked up spontaneously = 2/with prompt = 1
Message left in correct location = 1
Book left in correct location = 1
Total raw score (max= 6)
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10. Face Recognition - Delayed Recognition
Action: Present the faces as described in the test materials.
Record: Tick the correct identifications (shown by page number in the stimulus book) and false positives.


















Record number of false positives here
Raw score
Total number of pictures correctly identified
- Minus the number of false positives
Total raw score (max = 15)
11. Orientation & Date
Action: Ask the 13 questions as described in the test materials.
Record: Write the examinee's responses below.
I Response I Raw score
1.Year(1 point if correct)
2. Month (1 point if correct)
3. Day (1 point if correct)
4. Time (1 point if correct or within half an hour)
5. Date (2 points if correct, 1 point if one day out)
6. Place (1 point if correct)
7. CityITown (1 point if correct)
8. Age (1 point if correct)
9. Birth year (1 point if correct)
10. Prime Minister (1 point if first and second names correct,
'l2point for correct surname only)
11. Previous Prime Minister (1 point if first and second names
correct, '/2 point for correct surname only)
12. President (1 point if first and second names correct,
'12 point for correct surname only)
13. Previous President (1 point if first and second names
correct, '/2 point for correct surname only)
Total raw score (max = 14)
12. Novel Task - Immediate Recall
Action: Show the examinee how to put pieces of the design into the template. Then ask them to place the pieces in the same
place and order that you did. Get them to repeat this twice more.
Record: Write down the order in which the pieces are laid and where they are positioned. Tick whether they are placed in the
correct order and position.
First trial
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Raw score
Calculate score as follows:
If the task is completed correctly = 17
If the task is not completed correctly:
Score 1 for each piece laid in the right order (max = 6)
Score 1 for each piece in the right position (max = 6)
Consider each piece in turn, together with the location following it, and score 1 if that particular
pair order appears somewhere in the correct list (max = 5)
Note: the last piece in the sequence is not counted since there is no piece following it.
Raw score trial 1 (max = 17)
Second trial








Calculate score as follows:
If the task is completed correctly = 17
If the task is not completed correctly:
Score 1 for each piece laid in the right order (max = 6)
Score 1 for each piece in the right position (max = 6)
Consider each piece in turn, together with the location following it, and score 1 if that particular
pair order appears somewhere in the correct list (max = 5)
Note: the last piece in the sequence is not counted since there is no piece following it.
Raw score trial 2 (max = 17)
Third trial








Calculate score as follows:
If the task is completed correctly= 17
If the task is not completed correctly:
Score 1 for each piece laid in the right order (max = 6)
Score 1 for each piece in the right position (max::: 6)
Consider each piece in turn, together with the location following it, and score 1 if that particular
pair order appears somewhere in the correct list (max::: 5)
Note: the last piece in the sequence is not counted since there is no piece following it.
Raw score trial 3 (max = 17)
Total Raw score for subtest
I
Trial 1 +Trial 2 +Trial 3
(max = 51)------------------------
13. Appointments - Delayed Recall
Action: Engage the subject in conversation until the alarm sounds. Prompt the subject for the two questions if not asked
spontaneously.
Record: Write down the examinee's response and tick the box to indicate whether this was given spontaneously or after a prompt.
i Version 1 I Version 2 I Response II Sponta- I After:! neously prompt
Question 1 When willi know theresults ofthe test?
When do I have to
see you again?





Question 1 asked spontaneously = 2/with a prompt =1
Question 2 asked spontaneously = 2/with a prompt = 1
Examinee remembers two things had to be done but not what they were = 2
Examinee remembers one thing had to be done but not what it was = 1
Total raw score (max = 4)
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14. Story - Delayed Recall
Action: After a delay the examinee tries to remember the story they heard earlier.
Record: Tick each of the 21 'ideas' correctly or partially recalled.
After 20 years,




and Diane Tuesday evening
Black after his boat capsized.
have been reunited. Twofishermen
Theyhad both discovered the wreck
been adopted atbirth and notified the coast guard.
by differentfamiHes. A patrol boat
Jenny discovered found him shortly after
that she had a twin and brought him
when she requested to the local hospital
She then began
a copy of her birth certificate. where he was met
by his wife
to search for her, and two chi.ldren.
a task that took Doctors report that he spent
two years. four hours in the cold water
and is being treatedThe sisters said
'it was like looking for exposure.
into a mirror He is expected
when we met'. to make a full recovery.
Tick box if participant required prompt
Raw score
Total for 'ideas' recalled word perfect or using a close synonym
Total for 'ideas' partially recalled or recalled with an approximate synonym
- Deduct one point if participant required prompt"
Total raw score (max = 21) ' ..
*nb: if you used a prompt do not give credit for the first two ideas of the story
15. Route &
16. Messages - Delayed Recall
Action: Ask the examinee to retrace the route they did earlier.
Record: Tick the boxes as appropriate to record the route taken by the examinee. Also tick the message/book boxes as appropriate.
I Spontaneously I After prompt
Message picked up
Book picked up




Message left at correct location Message left at correct location D D
Chair 2 Door
Table Chair 2




If the route is completed correctly = 13
If the route is not completed correctly calculate the raw score:
Score 1 for each correct location visited regardless of order (max = 6)
Score 1 if the starting place was correct and score 1 if the finishing point was correct (max = 2)
Consider each location in turn together with the location following it. and score 1 if that
particular pair order appears somewhere in the correct route list (max = 5)
Note: the last location in the sequence is not counted since there is no location following it.
Note also: If the same correct pair order occurs twice (or more) it should only be counted once.
, Deduct 1 point for every incorrect or repeated stage (Le. a totally different location, or the same- location visited more than once)




Message picked up spontaneously = 2/with prompt = 1
Book picked up spontaneously = 2lwith prompt = 1
Message left in correct location = 1
Book left in correct location = 1
Total raw score (max = 6)
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17. Novel Task - Delayed Recall
Action: The examinee is asked to remember the order, this time without any demonstration.
Record: Write down the order in which the pieces are laid and where they are positioned,
First trial








Calculate score as follows:
If the task is completed correctly = 17
If the task is not completed correctly:
Score 1 for each piece laid in the right order (max = 6)
Score 1 for each piece in the right position (max = 6)
Consider each piece in turn, together with the location following it, and score 1 if that particular
pair order appears somewhere in the correct list (max = 5)
Note: the last piece in the sequence is not counted since there is no piece following it.
I Total raw score (max = 17)
18. First and Second Names - Delayed Recall
Action: Re-present the photographic portraits and ask for the names of the people portrayed as described in the test materials,
Record
I Version 1 I Version 2 ! Spontaneously I After prompt




Portrait 2 - Second Name Fisher Roberts
Catherine Andrew
Portrait 1 - Second Name
Portrait 2 - First Name Sarah
Scoring for First and Second Names
Raw score
Portrait 1 First name remembered spontaneously = 2/with prompt = 1
Portrait 1 Second name remembered spontaneously = 2/with prompt = 1
Portrait 2 First name remembered spontaneously = 2/with prompt = 1
Portrait 2 Second name remembered spontaneously = 2/with prompt = 1
I Total raw score (max ="8)
Rivermead Behavioural Memory Test - ThirdEdition (RBMT-3)
19. Belongings - Delayed Recall
Action: Pause/prompt the examinee for the hidden belongings as described in the test materials.
Record






Belonging 1 recalled spontaneously = 2/with prompt = 1
Belonging 2 recalled spontaneously = 2/with prompt = 1
Location 1 recalled spontaneously = 2lwith prompt =1
Location 2 recalled spontaneously = 2/with prompt =1
Total raw score (max = 8)
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D-KEFS Trail Making Test:. Summary of Scores
Condition 1: Condition 2: Condition 3: Condition 4: Condition 5:
Vlaual Scanning Number Sequencing Letter Sequencing Number-Letter Switching Motor Speed
[]---- ri- ri- []---- []---- -~--.~L
Raw Score Scaled Score Raw Score Scaled Score Raw Score Scaled Score Raw Score Scaled Score Raw Score Sc.-cl Score
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4 ' Hots: Somll repetition errors life coded also as seI-IoIIs errors; eacll double-cOded error COUI'iISas only one response for lila total respQnsas rneasu", ....,...~".,




























, Com!ct re$POI'ISeSat$ S\lmmeQ
independent of swIk:hing accuracy.
r
•• Note: Some ~ errors are coded also as set·1oss errors; each doubIe-coded





























= Category Switching:Total Correct Responses'
Raw
Score
D Total Set-Loss Errors
D Total Repetition Errors
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Raw Score Scaled Sc:ore
Letter Fluency va. Category Fluency· category Switching va. category Fluency*
Category
Switching:
Total Comet Catagory Fluency: Scaled-Score Contrast












• A low or high contrast scaled score may reflect dilIerent cognitive problems; see examiner's manual.
Condition 1: CondHion2: Condition 3:
Letter Category Category
Fluency Fluency SWItching Total
Raw Score Raw Score Raw Score Raw Score Scaled Score
First Interval (1"-15"): Total Correct D + D + D = D D
Second Interval (16"-00"): Total Correct D + D .+ D = D
Third Interval (31"-45"): Total Correct D + D + D = D ! .~L---.-J
Fourth Interval (46"-«)"): Total Correct D + D + D = D I _..__]
Set-Loss Errors D + D + D = D
D D D D ,.-.---,Repetition Errors + + = L___...J
Total Responses D + D + D = D(Correct + Incorrect)"
• Nottr. Some repetitionertors are coded also as se1-1ossemlfS; each doubfe.<:oded error counts as onlyone response lor the lOla! responses measure.
















Raw Score Raw Score Raw Score
Raw Score












• Nottr. Some repetiIIonerrors are coded also as set-loss errors; eachcfoubJe.<:oded error c:ouotsas onlyone response for the IotaIresponses measure.
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• A low or h1gh contrast scaled score may reflect different cognitive problems; see examiner's manual.
Condition 1 Condition 2 Condition 3
Filled Dots Empty Dots Only Switching
Set-Loss Set-Loss Set-Loss Total Set·Loss Total Set·Loss
Designs Designs Designs Designs Designs
D D D D r----,Total Set-Loss DesIgns + + = - j !, II-----~Raw Score Raw Score Raw Score Raw Score Scaled Score
Repeated Repeated Repeated Total Repeated Total Repeated
Designs Designs Designs Designs Designs
Total Repeated DesIgns D + D + D = D - !lL-_.JRaw Score Raw Score Raw Score Raw Score Scaled Seen
Attempted Attempled Attempted Total Attempted Total Attempted
Designs Designs Designs Designs Designs'
Total Attempted Designs- D + D + D = D ~ r-l
Raw Score Raw Score Raw Score RawSoore Scaled Score
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• • • • • • • • • •0 0 0 0 0
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• • • • •
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• • • • • • • • • •0 0 0 0 0
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D-KEFS Color-Word Interference Test
Age$H9
Materials: Record Form. Stimulus Booklet (Flat Position). Stopwatch
Discontinue
O.iscontlnuelf the examinee has marked difficulty or makes four uncorrected errors on the practice lines. Otherwise, discontinue .the
scored task after 90 seconds.
Adminl8tration lind Recording
Place the stimulus booklet flat on the table in a horizontal (landscape) position directly in front of the examinee so thai the two practice
lines of Condition 1 are positioned at the top of the page from the examinee's perspective. Say,
This page has patches of color on it. I'd like you to say the colors as quickly as you can without skipping any or making
mistakes. W~n you finish this lill(! (sweep across the first practice line of five squares with your finger), go on to this one
(point to the first square of the second row). Now try these first two lines for practice.
If the examinee is able to complete the two practice lines, say, Good. Now, when I say begin, I want you to say the rest of the colors.
Begin here (point to the first square on the first line of 10 squares below the practice fines) and say each color. one after the other,
without skipping any. When you finish this line (sweep across the first row with your finger). go on to this one (point to the first
square of the second row). Keep saying the colors until you reach the end of the last line (point). Say the colors as quickly as you
can without making mistakes. Ready? Begin.
Start timing. Follow the examinee's progress item by item. Record errors by writing the first letter. of the Incorrect color name beneath the
correct response and record any nonsense words (e.g .• "b.leen") verbatim. Indicate self-corrections by drawing a slash mark through the
letter or word. Record total completion time in seconds.
Allow the examinee to use a finger to maintain his or her place on the stimulus page. If the examinee skips a line accidentally, point out
the error immediately and redirect the examinee to the correct line. Keep the stopwatch running while pointing out line-skipping errors.
If the examinee does not complete the task at the end of 90 seconds, say, Stop. Indicate the last item attempted and record 90 seconds
as the total completion time. Iterns to which the examinee did not respond because the time limit was reached are not counted as errors.
Tum the page in the stimulus booklet to Condition 2: Word Reading. '
green red blue green blue
red blue green blue green
red blue red green red blue green blue red green
blue green red green red green blue red blue green
red green blue red green red green blue green red
blue red green blue red green blue red blue green












D-KEFSColor-Word Interference Test {continued]
Discontinue
Discontinue If the examinee has marked difficulty or makes four uncorrected errors on the two practice lines. Otherwise, discontinue the
scored task after 90 seconds.
Administration and Recording
Place the stimulus bookiet flat on the table in a horizontal (landscepe) position directly in front of the examinee, with the rows of words
printed in black ink facing the examinee. Say,
Now look at this page with words printed on it. I'd like you to read the words aloud as quickly as you can without
skipping any or making mistakes. When you finish this line (sweep across the first practice line of five words with your
finger). go on to this one (point to the first word of the second row). Now try reeding these first two lines for practice.
If the examinee Is able to complete the two practice lines, say,
Good. Now, when I say begin, I want you to read the rest of the words. Begin here (point to the first word on the first line of
10 words below the practice lines) and read each word, one after the other, without skipping any. Keep reading the words
until you reach the end (point to the last word on the last line). Read the words as quickly as you can without making
mistakes. Ready? Begin.
Start timing. Follow the examinee's progress item by item. Record errors by writing the first letter of the incorrect word beneath the correct
response and record any nonsense words (e.g., "bIeenj verbatim. Indicate self-corrections by drawing a slash mark through the letter or
word. Record total completion time in seconds.
Allow the examinee to use a finger to maintain his or her place on the stimulus page. If the examinee skips a line accidentally, point out
the error immediately and redirect the examinee to the correct line. Keep the stopwatch running while pointing out line-skipping errors.
11 the examinee doeS not complete the task at the end of 90 seconds, say, Stop. Indicate the last item attempted and record 90 seconds
as the total completion time. Iterns to which the examinee did nol respond because the time limit was re~d are not counted as errors.
Tum the page in the stimulus bookiet to Condition 3: Inhibition.
red blue green red blue
green blue green red green
green red blue green blue red blue green blue green
red green blue green blue green red blue red green
red green blue green red blue green red blUe red
blue green red blue green red blue green blue red













D-KEFS Color-Word Interference Test (continuedl
Discontinue
Discontinue if the examinee has marked difficulty or requires four corrections on the two practice lines. Otherwise, discontinue the scored
task after 180 seconds.
Administration and Recording
Place the stimulus booklet flat on the table in a horizontal (landscape) position directly in front of the examinee, with the rOWSof words
printed in dissonant ink colors facing the examinee. Say,
Now look at this page. It's going to. be a little harder than the other pages because the color names are printed in a
different-colored ink. For example (point to the first word on the first practice line of five words), do you see how the word
red Is printed in grtHm ink here? This time, you are to name the color 01 the ink that the letteraare printed in and not
read the lNord. So, what would you say for this one? (Point again to the first word on the first practice line and allow the
examinee to respond. Correct any errors.) Good. And this one? (Point to the next two practice items. Correct any errors.)
Good. Now try these first two lines for practice.
Hthe. examinee has difficulty understanding the task, you may demonstrate it by naming the ink colors on the first practice line, then
inviting the examinee to respond to the second line. If the examinee requires four corrections on the two practice lines, discontinue this
condition and do not administer Condition 4: InhibitionlSwitching.
If the examinee is able to complete the two practice lines, say,
Good. NOW, when I say begin, I want you to do the same thing for the rest of them. Say the color of the ink the letters are
printed in; do not read the words. Begin here (point to the first word on the first line of 10 wordS below the practice lines) and
say each ink color, one after the other, without skipping any. Keep saying the ink colors until you reach the end (point to
the last word of the last line). Say the ink colors as quickly as you can without making mistakes. Ready? Begin.
Start timing. Follow the examinee's progress item by item. The single letter (r for red. b for blue, g for green) printed in parentheses next to
each correct response represents the error response if the examinee reads the word rather than naming,the ink color. Record errors by
circling the letter or by writing the initial letter of other incorrect colors beneath the correct response. Also record any nonsense words
(e.g., "bleen") verbatim. Indicate self-corrections by drawing a slash through the letter or word. Record total completion time in seconds.
Allow the examinee to use a finger to maintain his or her place on the stimulus page. If the examinee Skips a line accidentally, point out
the error immediately and redirect the examinee to the correct line, Keep the stopwatch running while pointing out line-skipping errors.
If the examinee makes three consecutive errors of reading the words, prompt him or her to narne the ink color. Provide this prompt only
once during this condition and keep the stopwatch running.
If the examinee does not complete the task at the end of 180 seconds, say, Stop. Indicate the last item attempted and record 180.
seconds as the total completion time. Items to which the examinee did not respond because the time limit was reached are not counted
as errors. Tum the page in the stimulus booklet to Condition 4: Inhibition/Switching.
green(r) red(b) blue(g) green(b) red(g)
blue(r) red(b) greener) red(g) greener)
red(b) blue(g) red(b) greener) red(b) blue(r) green(b) blue(r) red(b) greener)
red(b) blue(g) green(b) blue(g) greener) blue(g) red(b) greener) red(b) blue(g)
greener) blue(g) greener) red(b) blue(g) greener) red(g) blue(r) green(b) red(g)
green(b) blue(g) red(b) greener) blue(g) red(b) greener) blue(g) greener) red(g)












D-KEFS Color-Word Interference Test {continued}
DI$Continue
Do not administer Condition 4 If the examinee had marked difficulty or did not finish before the time limit was reached on Condition 3:
Inhibition. Discontinue if the examinee has marked difficulty or requires four corrections on the practice lines of Condiditon 4. Otherwise,
discontinue the scored task after 180 seconds.
Administration and Recording
Place the stimulus booklet flat on the table in a horizontal (landscape) position directly in front of the examinee, with the rows of words
printed in dissonant ink colors, half of which are contained in rectangles, facing the examinee. Say,
This Is the fourth and last page. This time. for many of the WOrds, you are to do the same thing you just did: Name
the color of the ink and do not read the words. But if a word is inside a little box, you should read the word and not
name the ink color. (Point to the first three items in the first practice line of five words.) For example, what would you say
for these first three words? (AlloW the examinee to respond and provide corrections if necessary.) Good. Now try these first
two lines for practice.
If the examinee has difficulty understanding the task, you may demonstrate it by responding to the items on the first practice line, then
inviting the examinee to respond to the second line. If the examinee requires four corrections on the two practice fines, discontinue this
condition. If the examinee is able to complete the practice lines, say,
Very good. Now, when Is<iYbegin, Iwant you to do the same thing for the rest of them. Say the color of the ink the
letters are printed in or read the word if it is in a box. Begin here (point to the first word on the first line of 10 words below
the practice lines) and keep going until you reach the end (point to the last word of the last nne). Say the ink colors or words
as quickly as you can without making mistakes. Ready? Begin.
Start timing. Follow the examinee's progress item by item, The single letter (r for red, b for blue. g for green) printed in parentheses next to
each correct response represents the error response if the examinee either (a) reads the word rather than naming the ink color for an item
not contained in a rectangle or (b) names the ink color rather than reading the word for an item contained In a rectangle. Record errors by
circling the letter or by writing the initial letter of other incorrect colors beneath the correct response. Also record any nonsense words
(e.g., "blean") verbatim. Indicate self-correctlons by drawing a slash through the tetter or word. Record total completion time in seconds.
Allow the examinee to use a fll1ger to maintain his or her place on the stimulus page. If the examinee Skips a line accidentally. point out
the error Immediately and redirect the examinee to the correct line. Keep the stopwatch running while pointing out line-skipping errors.
If the examinee makes three consecutive errors, prompt him or her either to name the ink color or to read the word in the rectangle.
Provide this prompt only once during this condition and keep the stopwatch running.
If the examinee does not complete the taSk at the end of 180 Seconds, say, Stop. Indicate the last item attempted and record 180
seconds as the total completion time. Items to which the examinee did not respond because the lime limit was reached are not counted
as errors.
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0+Combined Naming + Reading
ConcIitIon 2: Sum or CompoeIte
WcInJReading SCaledSconM SCaledScore
0=0-
Scaled Scaled ScaMd-Score Contrast
Score Score Difference Scaled Score"
Inhibition Color Naming
Inhibition vs. Color Naming' D D D 1----,= - L-J
Inhibition/SwItChing Combined Naming + Reading
InhlbitlonlSwltching va. D D = D - I ICombined Naming + Reading" Composite
InhibitionlSwitching Inhibition
InhlbltlonlSwltchlng va. Inhibition' D 0 = D - D
• A .Iowor high contrast scaJedscore may reIkIc:tdiIIetent cognitiveptOblems; _examloer'smanual.
~ ~
Scaled Scaled-Score Contrast
InhlbltlonlSwltching: Score Difference Scaled Score"
Scaled Score Color Naming
InhlbltlonlSwitchlng va. D D = D - i'iColor Naming" ,......_ .._j
Word Reading
InhibHionlSwitching va. D D '" D - ;~Word Reading" 1----J
• A low or high contrast scaJedIICOt8may reftact dlfferentcognitive ptQb!erll$; see ~iner's manual.
.'4IIIIi~_~~:,<{:~"<~~<~7:ffi;'~:~~;~dfiAt~J~:~:_,_~'~~1'llm,I.. .;~I__;1.:;ili",li,·,.~I, wl<I/::Lf:I..:}I~:.I_-,;;"
Condition 1: Condition 2:
Color Naming Word Reading





































M>t!r.Cumu~ per<;entierlI!1l<$ 'or~ D-i<EF$Wl're ~ed to reftect~ percentageof ~ nonnativesamplethaIobtainedraw_ equalto orWOfS8thanthe rawscore
obtainedby theexaminee.
Appendix 3
Nintendo OS"Brain Age 2" Questionnaire
APT-II Questionnaire
Nintendo OS"Brain Age 2" Questionnaire
Client's Name. _
Rater's Name and Relationship to Client (if applicable) _
Date Age. _
Stroke Survivor Control Subject. (mark one)
Pleaserate the extent to which you agree with the following statements by ticking the box
which offers the best description.
DescriRtion Definitel)£ NO Occasionall)£ Sometimes Freguentl)£ Definitel)£Yes
1. I had problems •
with memory
before the study.
2. I had problems
with attention
before the study.

















8. I have trouble
problem solving
now.
9. I feel this study
was worth my
time.





















15. I was NOT
frustrated while
playing the OS.
16. I thought the
games were too
HARD.
17. I thought the
games were too
EASY.
18. On a scale of 1 1 2 3 4 5 6 7 8 9 10







Rater's Name and Relationshi p to Client (if applicable) _
Therapist Date. _
I. RATING SCALE*: Please answer the followirig questions about your ( or __ 's) attention as it applies to daily
functioning by ticking the box which offers the best description.
Only gets in Sometimes Frequently Is a problem
Not a problem the way on gets in the gets in the all the time
DESCRIPTION or no change occasion way (about 1- way (is a (affects most
from before (less than 3 times per problem most activities)
once a week) week) days)
1. Seem to lack mental
energy to do activities
2. Am slow to respond when
asked a question or when
participating in conversations
3. Can't keep mind on activity
or thought because mind
keeps wandering
4. Can't keep mind on activity
or thought because mind
feels "spacy" or "blank"
5. Can only concentrate for
very short periods of time
6. Miss details or make
mistakes because level of
concentration decreased
7. Easily get off track if other
people milling about nearby
8. Easily distracted by
surrounding noise
9. Trouble paying attention to
conversation, if more than
one other person
10. Easily lose place if task or
thinking interrupted
11. Easily overwhelmed if
task has several components
12. Difficult to pay attention to
more than one thing at a time
13. Trouble remembering
where you put everyday items
such as your keys or glasses
14. Trouble solving daily
daily obstacles
Scoring: a) total number of items ticked in second column multiplied by (1) _
b) total number of items ticked in third column multiplied by (2) _
c) total number of items ticked in fourth column multiplied by (3) _
d) total number of items ticked in fifth column multiplied by (4) _
Total Score: add a) through d) _
II. INDIVIDUALIZED ATTENTIONAL PROBLEM LIST: In the space provided below describe the five most
frequent and frustrating breakdowns in your attention ability. The first line has been filled out with an example
description.
Describe Attention Breakdown (include setting and What do you do when it occurs?
approx. frequencv.)
Example: I cannot concentrate when I am preparing dinner I often yell or blow up at the children or cry
because the noise from the children playing around my feet and while I am cooking. Sometimes I just give up
even in the next room distracts me. I forget ingredients or parts and make something simple like sandwiches.
of the meal and usually feel totally frustrated during this time.






*Scale adapted from Ponsford, J. & Kinsella, G. (1991) Rating Scale of Attentional Behavior.Neuropsycho/ogical Rehabilitation, I
(4) 241-257.
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